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Coupling Effects of Biochar-Based Urea and Irrigation on Tomato Yield and Fruit Quality and Soil Nitrate

Content in Greenhouse Facility
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Abstract ; Biochar—based nitrogen fertilizer has been one of important applications of biochar in agriculture. Here a greenhouse experiment
was conducted to examine the agronomic and environmental effects of two types of biochar—based urea(water— immersed and highly—pres—
surized ) under two irrigation conditions ( conventional level and low level ). Leaf photosynthesis, growth, yield and quality of tomato, soil
salinity, and soil nitrate content were observed. Results showed that reducing irrigation level by 46.0% inhibited leaf photosynthesis and de—
creased tomato yield, as compared to the conventional irrigation level. The leaf photosynthesis and tomato yield in the treatment with highly—
pressurized biochar—based urea was significantly decreased, whereas such inhibition was not obvious in the treatment with water im—
mersed biochar—based urea. However, the reduced irrigation increased leaf transpiration rate, fruit soluble sugar and Ve content and soil ni—
trate content in both biochar—based urea treatments. Compared with conventional urea, water—immersed and highly—pressurized biochar—
based urea enhanced leaf photosynthesis intensity, regulated leaf transpiration intensity, increased leaf chlorophyll content and fruit diameter

and weight, resulting in increases in tomato yield by 34.5%~51.5% and 9.12%~15.6%, respectively. Both types of biochar—based urea re—
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duced fruit nitrate and Ve content at the conventional irrigation level, but increased fruit soluble sugar and Ve content at the reduced irriga—

tion level. In comparison with conventional urea treatment, water immersed type of biochar—based urea decreased soil residual nitrate of 0~
80 cm depth by 45.0% at the conventional irrigation level and by 37.0% at the reduced irrigation level. High—pressured type of biochar—
based urea had little effect on soil residual nitrate at the conventional irrigation level, whereas it greatly increased soil residual nitrate of O~
80 cm depth by 13.0% at the reduced irrigation level. Soil nitrate content was siginificantly lower in water immersed biochar—based urea
treatment at reduced irrigation level than in conventional urea treatment at conventional irrigation level. In sum, water immersed biochar—
based urea has potential to increase tomato yield, improve fruit quality, lower soil nitrogen environmental risks, and reduce irrigation level.

Keywords: tomato; highly—pressurized type of biochar—based urea; water immersed type of biochar—based urea; conventional irrigation; re—

duced irrigation
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Table 1 Coupling effects of water and nitrogen on fruit diameter,

weight and yield of tomato

HAR Fruit LR Fruit P74 Yield/

Qb2 K 1B Treatment

diameter/mm  weight/g ~ kg+hm™
CICK  HHLHE K+ ATt 78.0d 236d 64 832d
CIU R K+ bR 25 84.0bc 279¢ 70 735¢
CIWLH R K+ B RURFE IR R 91.5a 338a 95 131a
CIHP MK+ R SR 25 87.0ab 300be 77 189h
LICK R K+ AN 71.8e 195e 56 728f
LIU AR K+ 358 R % 79.3cd 236d 61 481e
LIWI G HE K R AR IE R ZE 88.0ab 325ab 93 130a
LIHP {R i K+ JERURFERZE 85.5b 297he 71 086¢

T - HAU R AP 9 (7] 3% 5 [l — 91 B0 3 S0/ N T B[]
FORAEPRRIRAE bR 22 57 .25 (P<0.05) .

Note: Treatment codes were same below. Values followed by different
letters within a column are significantly different between treatments at the

5% level.
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Figure 1 Coupling effects of water and nitrogen treatments on

agronomic efficiency of tomato
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Figure 2 Coupling effects of water and nitrogen treatments on

irrigation productivity of tomato
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Table 2 Effects of water and nitrogen combinations on fruit quality

of tomato

Qb PR AV Soluble Ve/ AL Nitrate/

Treatment sugar/% mg-100g™ mg-kg™
CICK 4.7¢ 15.8¢ 82.6abc
CIU 4.6cd 19.3a 91.5a
CIWI 4.7¢ 15.3¢d 77.3¢
CIHP 4.8be 14.4d 81.5be
LICK 4.9b 19.7a 80.8bc
LIU 4.5d 15.0cd 85.8abc
LIWI 4.9b 15.9¢ 82.0abc
LIHP 5.2a 17.4b 88.8ab

TE - AR ]SO INE TR RIS R b BRI 25 5 35 (P<0.05 ).
Note: Values followed by different letters within a column mean

significant difference between treatments at the 5% level.
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Table 3 Effects of water and nitrogen combinations on
photosynthetic rate(Pn ), transpiration rate(Tr) and chlorophyll
content(SPAD) of tomato plant leaves

N S ot 2 yags AL
%iﬂfiﬁ Phol;;ﬁ;ri}%li}j rate/ 'l‘ranﬁﬁ%jrate/ Chlﬂjoi%%lliilem
pmol +m2-s™! mmol sm2+s™! (SPAD)
CICK 2.1d 2.9a 46.2ef
CIU 2.7c 2.9a 48.2de
CIWI 3.7a 1.9de 55.8a
CIHP 3.4b 2.2¢d 54.6ab
LICK 1.6e 1.6e 43.8f
LIU 1.9d 1.6e 46.1ef
LIWI 3.2b 2.7ab 52.6bc
LIHP 2.6c 2.5be 50.8cd

T AL BB SN RPN [RI R Ak B 22 53 12 2 (P<0.05)
Note: Values followed by different letters within a column mean signif—

icant difference between treatments at the 5% level.
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Figure 3 Effects of water and nitrogen combinations on soil salinity
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Figure 4 Effects of water and nitrogen combinations on

soil nitrate content
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